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Quantifying global patterns of terrestrial nitrogen (N) cycling is central to predicting future patterns of primary productivity, carbon sequestration, nutrient fluxes to aquatic systems, and climate forcing. With limited direct measures of soil N cycling at the global scale, syntheses of the 15 
N5
14 N ratio of soil organic matter across climate gradients provide key insights into understanding global patterns of N cycling. In synthesizing data from over 6000 soil samples, we show strong global relationships among soil N isotopes, mean annual temperature (MAT), mean annual precipitation (MAP), and the concentrations of organic carbon and clay in soil. In both hot ecosystems and dry ecosystems, soil organic matter was more enriched in 15 N than in corresponding cold ecosystems or wet ecosystems. Below a MAT of 9.86C, soil d Q uantifying global patterns of terrestrial nitrogen (N) cycling is central to predicting future patterns of primary productivity, carbon sequestration, nutrient fluxes to aquatic systems, and climate forcing [1] [2] [3] [4] . With limited direct measurements of soil N cycling at the global scale, past syntheses of the N relative to a standard) have inferred that hotter and drier ecosystems tend to lose a greater proportion of their N through gaseous pathways 5, 6 . Global soil d
15
N patterns are also among the main evidence used to support the idea that plant productivity in tropical ecosystems is less N limited than in temperate ecosystems 6, 7 . These conclusions have assumed that soils with high d 
Results
Congruent with previous research, soil organic matter was more enriched in 15 N in both hot ecosystems and dry ecosystems than corresponding cold ecosystems or wet ecosystems ( Fig. 3 (Fig. 4) .
The variation in soil d
15
N explained by MAT after taking into account relationships with soil [C] could be caused by the high concentrations of clay found in many tropical soils. 30% of the residual variation in soil [C] after accounting for variation in climate could be explained by soil texture (Fig. 5) . Soils with greater silt and clay concentrations had greater [C] than sandy soils (Fig. 5) . Within our data, hot sites also had greater clay concentrations than cold sites (Fig. 6 ). After taking into account the positive relationship between clay concentrations and soil d 15 N (Fig. 7) , MAT had no remaining influence on soil d 15 N (Fig. 7) . Interpretations of these sequential regression results were further supported by a structural equation model that simultaneously evaluated both direct effects of climate on soil d (Fig. 8) .
Discussion
The global-scale relationships between soil d In all, the global patterns of soil d
15
N revealed here support the hypothesis that hot and/or dry ecosystems might not lose a greater proportion of N to the atmosphere relative to other ecosystems, as has been previously concluded from soil N isotope data 5, 6 . Although the relationships between clay and soil d 15 N could be driven by greater proportions of fractionating gaseous N loss in soils with high clay concentrations, an alternative explanation is the relative proportion of fractionating N loss is not directly influenced by clays, but instead is due to clays stabilizing more 15 N-enriched soil organic matter [17] [18] [19] [20] [21] . As a result of having greater decomposition of organic matter and/or greater concentrations of clay, it is possible that soils in hotter and/or drier ecosystems have soil organic matter with high d 15 N as a result of having a greater proportion of their N contained in mineral-associated organic matter as opposed to having a greater proportion of N being lost to fractionating pathways (Fig. 9) .
In support of the idea that the proportion of N lost via fractionating pathways might not vary predictably across global climate gradients, recent research has revealed underappreciated amounts of N loss to the atmosphere and aquatic ecosystems suggestive of similar proportions of fractionating N losses across climatic gradients. For example, although tundra ecosystems are typically considered dominated by organic N cycling with little net N mineralization 28 , gross N mineralization rates and N 2 O fluxes can contribute to a high proportion of losses, especially given seasonal asynchronies between mineralization and uptake [29] [30] [31] . Tropical ecosystems may lose a larger quantity of N to the atmosphere than many temperate ecosystems. Yet, NO 3 2 fluxes in tropical streams can also be more than an order of magnitude greater than temperate streams 32, 33 . These examples from geographically disparate ecosystems may reflect similar, proportional fractionating losses of N to the atmosphere across latitudinal gradients. Higher N availability that is characteristic of many low-latitude ecosystems may in fact reduce the proportion of N lost in gaseous forms relative to leaching 34 . Ultimately, future interpretations of global patterns of N cycling will depend strongly on understanding the mechanisms that drive global relationships between clay content, soil C concentrations and soil organic matter d N of soil organic matter consistently increasing with depth across soils globally 25 , which can be attributed to greater degrees of processing of soil organic matter at depth [35] [36] [37] . Recognizing the influence of the degree of microbial processing and protection on soil d . N] , ratio of C to N on a mass basis, and soil texture (percentages of sand, silt, and clay). Due to correlations among soil texture categories, only clay concentrations are included in models here.
Only soils considered by the authors as mineral soils (no litter or O horizons) with depths that averaged ,30 cm were included in the main synthesis. Select permafrost samples from below this zone were also included, in order to improve the representation of cold sites as there should be little further processing of soil organic matter once frozen. Subsequent analyses also examined patterns across mineral and organic soil horizons. Soils that were under crops were not included in the synthesis.
To reduce over-representation of individual sites, average soil d 15 N were derived for each 0.1u latitude and longitude. Average soil d 
